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Chaperonins have classically been thought of as intracellular molecules involved
in the correct folding of proteins. Their expression is upregulated during times of
stress such as heat (hence their common nomenclature as heat shock proteins
[HSPY]), anoxia, hypoglycaemia and reactive oxygen species [1]. These are condi-
tions found in infected tissues or in tissues with chronic inflammation such as the
rheumatoid synovium. In their intracellular location they protect the cell from
apoptotic death due to stress. Increasingly chaperonins have been recognised to
subserve extracellular functions for which they have received the name ‘chaper-
okines’ since they bind to specific receptors on the cell surface and activate cells
of the innate immune system to secrete inflammatory cytokines, chemokines and
small molecular weight mediators such as prostaglandins [2]. Indeed, an early
event in inflammation is cell stress/necrosis leading to the release of HSP60 and
HSP70 that binds via a CD14-mediated mechanism to Toll-like receptors 2 and 4
[2] as part of the ‘danger’ signal [3]. The secretion of tumour necrosis factor
alpha, IL-1, IL-12 and other chemokines prepares the environment for a TH1
adaptive immune response. It is now recognised that some chaperonins, such as
BiP and HSP27, may activate the innate immune system to secrete anti-inflamma-
tory cytokines, such as IL-10 [4,5] that may skew the adaptive immune response
to TH2. Recent work by our group has shown that BiP can not only prevent but
also treat ongoing collagen-induced arthritis in DBA/1 mice [6], suggesting that
chaperonins may down modulate ongoing TH1 responses. Thus, it may be possi-
ble to suppress rheumatoid inflammation by administration of appropriate chaper-
onins such as BiP. Finally, chaperonins may be important system regulators
determining the outcome between TH1 and Th2 immune responses.
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Type 1 diabetes is an autoimmune disease that is increasing dramatically in inci-
dence in the developed world. Explanations for this increase in incidence include
viral precipitation of disease and the so-called ‘hygiene hypothesis'.

In Type 1 diabetes the insulin-producing beta cells of the pancreas are selectively
destroyed by the immune system. Type 1 diabetes is generally recognised as a T-
cell-mediated autoimmune disease with the autoantibody response to islet anti-
gens serving as markers of ongoing beta cell destruction.

Studies in spontaneous animal models of this human condition suggest that it is a
Th1-mediated autoimmune disease with an involvement of both CD8* T cells and
macrophages in pathology. There are multiple ways in which the beta cell could
be destroyed including a Class | restricted killing by CD8* T cells, proinflamma-
tory cytokine-mediated cell death and death induced by Fas/FasL interactions.

At the time of clinical diagnosis it is possible that the patient will have destroyed 70%
of their beta cell mass and exogenous insulin is required to maintain glucose home-
ostasis. There is currently much interest in the development of tolerogenic strategies
to inhibit and halt beta destruction. This coupled with strategies to facilitate the
replacement of the destroyed beta cells would constitute a cure for this disease.
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function of regulatory T cells in chronic arthritis
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Human autoimmune diseases are characterized by chronic, non-remitting inflamma-
tion. In the early phase of chronic arthritis auto-reactive T cells initiate a cascade of
events that leads to chronic inflammation. Following the initial phase of the disease,
other cells such as macrophages and monocytes mainly mediate the ongoing non-
specific inflammation. At this later stage, auto reactive T cells presumably do not
play an important role in sustaining the chronic inflammation. Mechanisms underly-
ing the perpetuation of this cascade of non-specific inflammation are still poorly
understood. As a consequence, treatment of the disease until now has been mainly
focused on non-specific suppression of inflammation. In patients with chronic arthri-
tis, such juvenile idiopathic arthritis (JIA) and rheumatoid arthritis (RA) blockade of
the tumour necrosis factor alpha pathway has proven to be a very potent treatment
option. On the other hand, such treatment is costly and fails to induce a long-lasting
remission of the disease. As a consequence long-term treatment with immune sup-
pressive agents is necessary, which increases not only the costs of the treatment
but also harbours considerable risk for long-term side effects. Thus, the need for
additive and/or alternative strategies is growing. Ideally such alternative treatment
should be safe, not expensive and specifically modulate cells that are responsible
for the inflammation and/or counter-regulation. Lately, a lot of attention has focused
on the role of regulatory T cells for the control of autoimmunity. There are currently
two well-characterized types of regulatory T cells, Tr1 cells and CD4*CD25* T reg-
ulatory cells. The CD4*CD25* T regulatory cells are a heterogeneous group of
cells identified by the expression of CD25 and the transcription factor foxP3. We
recently showed that these so-called naturally occurring T regulatory cells and regu-
latory T cells with specificity towards heat shock proteins may play a role in deter-
mining disease outcome in JIA [1,2]. Following autologous stem cell transplantation
for arthritis T regulatory cell function is restored coinciding with a remission of the
arthritis (de Kleer et al, submitted). Moreover, oral treatment with a peptide
(dnaJP1), derived from heat shock protein dnal, restored T regulatory cells in
peripheral blood mononuclear cells from patients with RA [3].

Thus, due to insufficient numbers of regulatory T cells, feedback mechanisms fail,
resulting in an unrestrained proinflammatory immune response and severe tissue
damage in RA and JIA. A lack of a counter-regulatory mechanism based by regu-
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latory T cells is at least in part responsible for the perpetuation of inflammation

[4]. Heat shock proteins may be instrumental in restoring the immunological

balance and thus contribute to a long-lasting disease remission.
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We have developed new tools that allow detection of peptide—-MHC Il presentation
to naive CD4* T cells in vivo. These tools were used to track early events in the
immune response to a subcutaneously injected antigen. Following such an injection,
antigen is quickly carried via lymphatic vessels into the draining lymph nodes, and
down through thin collagen-based conduits that run through the T-cell-rich area.
Langerhans cells and dermal dendritic cells near the conduits acquired antigen, pro-
duced peptide—-MHC Il complexes, and were the first cells to stimulate naive antigen-
specific CD4* T cells. About 18 hours after antigen injection, dermal dendritic cells
migrated from the injection site and arrived in the lymph nodes displaying a large
number of peptide-MHC Il complexes. Elimination of these cells truncated CD25
expression by antigen-specific CD4+ T cells and ablated the development of cell-
mediated immunity. Injection of antigen with the adjuvant lipopolysaccharide allowed
blood-derived myeloid and lymphoid dendritic cells to produce peptide-MHC Il com-
plexes. Antigen-specific, but not non-specific, B cells acquired antigen and produced
peptide—-MHC Il complexes by 6 hours. These B cells migrated from random posi-
tions in the follicles to the border with the T-cell area, and interacted stably there with
peptide—-MHC II-specific CD4+ T cells by about 36 hours. These results demon-
strate the antigen-specific CD4* T cells interact with a variety of antigen-presenting
cell types during the primary immune response.
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Until very recently the field of genetics of musculoskeletal diseases had few suc-

cesses to report, all essentially limited to monogenic conditions or candidate

gene findings mostly of strongly associated genes lying within the MHC.

Amongst these success stories have been important contributions to our under-

standing of conditions such as rheumatoid arthritis and ankylosing spondylitis.

However the field stalled on the identification of the polygenes that contribute the

majority of the genetic risk in a wide variety of common musculoskeletal diseases.

This has led to considerable criticism of the field, with many observers, often criti-

cal of the financial costs of this research, arguing that hypothesis-free genetic

approaches are fatally flawed and wasteful.

Over the past 5 years, however, an increasing run of genes have been identified

using a variety of approaches for conditions including rheumatoid arthritis, anky-

losing spondylitis, chondrocalcinosis and osteoporosis. The successful methods
that have been applied will be discussed along with illustrations of how these
findings have impacted on our understanding of disease pathogenesis.
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Our research is dedicated to the molecular analysis of autoimmune diseases with
a strong focus on rheumatoid arthritis (RA). In order to detect disease-relevant
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processes and biomarkers in patients suffering from RA, we searched for con-
spicuous differences in the abundance of soluble proteins between synovial
fluids (SF) and plasmas of patients. Detailed analysis of two-dimensional gel elec-
trophoresis-separated protein spots by means of MALDI-MS and MALDI-QIT-
ToF-MSn sequencing [1,2] revealed that the haptoglobin a-chain is present in
both body fluids in at least four variants. This result suggests that specific post-
translational modification processes occur in SF that could be playing an impor-
tant role in the inflammatory degradation process of the joint.
We therefore analyzed pannus tissue from RA patients and compared the
obtained protein pattern with that from tissues derived from patients with
osteoarthritis (OA) first by RNA microarray-analysis (Affymetrix) [3,4]. Our com-
bined approach started with screening the human genome for protease genes.
There are 590 proteases encoded by the human genome, 397 of which are
found on the Affymetrix chips, represented by 687 unique probe sets. In addition,
from the 159 protease inhibitors in the genome, 106 are presented on the chips
by 164 unique probe sets. Interestingly, only approximately 330 protease probe
sets and approximately 70 inhibitor probe sets yielded in so-called ‘present calls’.
A comparison of the RNA abundances between RA and OA showed that approx-
imately 40 protease and 16 inhibitor gene products could be identified as differ-
entially expressed. One of them was Cathepsin B, which was found
approximately twofold more expressed in the pannus (RA) than in synovial tissue
(OA) at the RNA level. Parallel proteomics investigations showed over 800
protein spots in the gels from tissue materials. Approximately 250 of the protein
spots were analyzed by mass spectrometry, resulting in the identification of
approximately 180 unique proteins. Among the identified proteins 12 belonged to
the group of proteases. Again, Cathepsin B was found significantly upregulated.
In addition, the small calcium binding protein S100A9 (MRP14) was identified as a
discriminatory marker protein in SF by global proteomic analysis [5,6]. These results
were confirmed by ELISA and it was found that plasma levels of the S100A8/A9 hete-
rocomplex are correlating well with levels in SF; hence determination of plasma levels
is applicable for distinguishing RA patients from patients with other inflammatory joint
diseases as well as from OA patients and from controls. Initial studies on RA samples
indicate that plasma levels of the S100A8/A9 heterocomplex might become a useful
marker in monitoring anti-tumor necrosis factor alpha therapy responses.
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Mechanisms of cartilage matrix turnover: synergistic
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M in upregulating matrix metalloproteinases and ADAMTS
metalloproteinases
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Cartilage is a highly organised tissue where the arrangement of collagen and pro-
teoglycan and minor components is carefully controlled. The chondrocytes main-
tain a precise balance between anabolic and catabolic processes that maintains
this extracellular matrix. Proteoglycan removal is rapid and reversible while colla-
gen removal is slower but, once removed, is difficult to replace. Our main
research focus is to discover the mechanism of collagen turnover and we study
the members of the matrix metalloproteinase (MMP) family that specifically cleave
type Il collagen to give characteristic one-quarter and three-quarter fragments;
MMP-1, MMP-8, MMP-13 and also MMP-2 and MMP-14 cleave in this way.
Oncostatin M (OSM) is a member of the IL-6 family that synergises with IL-1 to
induce cartilage proteoglycan and collagen degradation in a cartilage explant
culture system [1]. A significant finding is the synergistic induction of the collage-
nase, MMP-1, which occurs via interplay between the JAK/STAT, AP-1 and MAPK
pathways. Other collagenases such as MMP-8 and MMP-13 are also upregulated
along with MMP-14 and MMP-3. This latter enzyme can activate the collagenases,
and an important feature of OSM may be its ability to promote the activation of
enzymes that initiate activation cascades that lead to the production of active col-
lagenases. OSM can also exacerbate the effects of other important proinflamma-
tory mediators such as tumour necrosis factor alpha (TNF-0) and IL-17.
Molecular and cellular studies aim to discover the mechanism of action that leads
to synergy. Affymetrix microarrays show that a specific cohort of genes are upreg-
ulated by these cytokine mixtures including MMPs, ADAMs (A disintegrin and
metalloproteinases), activators, cell surface proteins and cytokines. Two-dimen-
sional gel electrophoresis and proteomic analysis confirm that many of the corre-
sponding proteins are made by chondrocytes after stimulation. Purification of
specific proteins from conditioned culture medium has been undertaken to try
and determine the enzymes responsible for collagen turnover.
In order to assess the effects of these cytokine combinations in vivo, we have
injected OSM in combination with either IL-1 or TNF-o. intra-articularly into murine
knee joints using recombinant adenovirus. Engineered adenoviruses were adminis-
tered for only 7 days, after which time joints were fixed, decalcified and sectioned.
Histological analyses indicated marked synovial hyperplasia and inflammatory cell
infiltration for IL-1, TNF-o. and OSM treated joints but not in controls (joints treated
with an ‘empty’ adenovirus). The inflammation was more pronounced for both OSM
+ IL-1 and OSM + TNF-o. combinations with evidence of extensive cartilage and
bone destruction. Significant loss of both proteoglycan and collagen was also seen
for these combinations, and an increased expression of MMPs with decreased tissue
inhibitors of metalloproteinases was found in both articular cartilage and synovium.
The effects of these combinations were significantly greater than those seen with any
of the cytokines alone. Cytokine combinations also upregulated RANK/RANKL, and
increased the number of TRAP-positive cells showing an increase in osteoclast for-
mation and bone damage. Taken together, these data confirm that, in vivo, OSM can
significantly exacerbate the effects of both IL-1 and TNF-o resulting in inflammation
and tissue destruction characteristic of that seen in rheumatoid arthritis.
These studies provide further evidence to implicate the upregulation of collage-
nases as a key factor in the destruction of collagen that occurs in joint pathology,
and suggests that OSM is a potent mediator when found in the joint with other
proinflammatory cytokines.
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Degradation of cartilage matrix, which mainly consists of collagen fibrils and aggre-
can, seriously impairs the function of joints. The primary cause of this process is ele-
vated proteolytic enzymes. Collagen fibrils are degraded by a group of matrix
metalloproteinases (MMPs) including collagenases (MMP-1, MMP-8 and MMP-13),
gelatinase A (MMP-2) and MT1-MMP (MMP-14). Aggrecan is degraded by MMPs
and ‘aggrecanases’ belonging to the ADAMTS family. Inhibitors of these metallopro-
teinases are considered as potential therapeutic agents to protect cartilage degrada-
tion, and many active site-directed inhibitors with a zinc-chelating moiety have been
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developed. Unfortunately, those compounds have serious side effects possibly due

to lack of selectivity [1]. In the hope of developing new types of inhibitors we have

been investigating the mechanisms of action of collagenases and aggrecanases.

Collagenases are unique as they can degrade triple helical interstitial collagens into

three-quarter and one-quarter fragments, a crucial step for collagenolysis in the

tissue. Typical collagenases consist of a catalytic domain and a hemopexin domain
that are connected by a linker peptide. Both domains are essential for collagenolysis.

The three-dimensional structure of a prototypic collagenase, collagenase 1 (MMP-1),

however, indicated that the active site of the enzyme is too narrow to accommodate

triple-helical collagen. We have recently shown that collagenase locally unwinds
triple helical collagen before it hydrolyses the peptide bonds [2]. Based on a series
of mutagenesis mutagenesis we predict that the collagen binding site is created by
both the catalytic and the hemopexin domains. This potential collagen binding
groove is partially blocked by the prodomain in the zymogen of MMP-1 (proMMP-1),
explaining its inability to bind to collagen unless it is activated. Overall proMMP-1 has

a ‘closed’ configuration in contrast to the ‘open’ configuration of the active MMP-1.

The exact mechanism of how collagenase unwinds collagen is under investigation.

Another key collagenase is MT1-MMP. It is highly expressed in rheumatoid syn-

ovial lining cells invading into the cartilage. Overexpression of recombinant MT1-

MMP in COS7 cells in vitro degrade reconstituted type | collagen films. This

reaction requires dimerisation of the enzyme on the cell surface through the

hemopexin domains. When dimerisation of MT1-MMP is prevented by overex-
pression of the membrane-anchored MT1-MMP hemopexin domain, the col-
lagenolytic activity was blocked, but not its general photolytic activity.

Among 19 ADAMTSs in humans, six have been shown to have aggrecanase activity.

Their non-catalytic domains include one disintegrin, one or more thrombospondin,

one cysteine-rich and one spacer domain. Full-length ADAMTS-4 (aggrecanase 1) is

active on aggrecan only, but when the C-terminal spacer domain is deleted it
expresses broader proteolytic activity and digests fibronectin, fibromodulin, decorin
and biglycan, as well as maintaining aggrecanase activity [3]. Further deletion of the

cysteine-rich and thrombospondin domains greatly reduces both activities [3].

These studies suggest that activities of collagenases and aggrecanases will be

attenuated by inhibitors or antibodies that interact directly with their non-catalytic

ancillary domains (exosite/allosteric inhibitors). Such molecules will be attractive
for therapy as they will be highly selective because they are based on the unique
mechanism of each proteinase.
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Rheumatoid arthritis (RA) represents an excellent model for gaining insights into the

adverse effects of inflammatory arthritis on skeletal remodeling. Bone erosions at the

margins of diarthrodial joints represent the radiographic hallmark of RA. Histopatho-
logic examination of the bone—pannus interface in patients with RA reveals the pres-
ence of a heterogeneous population of cells lining the bone surface, including
multinucleated cells expressing the full phenotypic repertoire of osteoclasts, the cells
that mediate bone resorption in physiologic remodeling. Further evidence implicating
osteoclasts in the pathogenesis of marginal joint erosions is derived from animal
models of inflammatory arthritis in which animals lacking the capacity to form osteo-
clasts fail to develop joint erosions. Studies have shown that the RA synovial tissue
contains abundant osteoclast precursors and that the RA synovium is a rich source
of factors with potent osteoclast differentiation and activation activity. Particular
attention has focused on receptor activator of NF-kB ligand (RANKL), a member of
the tumor necrosis factor ligand family, because of the requirement of this factor for
osteoclastogenesis. RANKL is expressed by synovial fibroblasts and activated T cells
in RA synovial tissues and in several different animal models of inflammatory arthritis,
treatment with osteoprotegerin (the soluble receptor that inhibits RANKL activity)
results in marked suppression of focal bone erosions. In addition, mice possessing
the null mutation for RANKL are protected from focal bone destruction in the serum
transfer model of inflammatory arthritis. An additional observation in patients with
active RA is the absence of radiographic evidence of bone repair. This finding sug-
gests that the processes that regulate coupling of bone resorption and formation
under physiologic conditions have been disrupted and that the enhanced focal bone
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resorption is not matched by a compensatory increase in bone formation. In addition
to the disordered focal bone remodeling associated with the synovial lesion, patients
with RA also exhibit evidence of generalized axial and appendicular bone loss at sites
that are distant from inflamed joints. Assessment of biochemical markers of bone
turnover indicates that there is a generalized increase in bone resorption, and that
there is a correlation between disease activity and the rate of systemic bone resorp-
tion. It is likely that this generalized skeletal bone loss is mediated by synovial
cytokines with osteoclastogenic activity that enter the circulation and act as
‘endocrine’ factors to adversely affect systemic bone remodeling. Recent studies
indicate that agents, such as the bisphosphonates, that target osteoclast-mediated
bone resorption have the capacity to reduce not only generalized bone osteoporosis
but also may have efficacy in retarding the progression of focal joint erosions.
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Genetics and bone disease
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Arthritis Res Ther 2005, 7(Suppl 1):S13 (DOI 10.1186/ar1519)
Bone diseases are a common cause of morbidity and mortality in developed coun-
tries, and genetic factors play an important role in the pathogenesis of these dis-
eases. The most common form of bone disease is osteoporosis, which is
characterized by reduced bone mineral density (BMD) and an increased risk of frac-
ture. Environmental factors such as diet and exercise influence BMD but genetic
factors play a predominant role, accounting for up to 85% of the variation in peak
BMD. Several candidate genes have been identified that regulate BMD and suscep-
tibility to fracture, including bone morphogenic protein 2, collagen type | alpha 1, the
vitamin D receptor, the estrogen receptor and lipoprotein receptor related protein 5
(LRP5). Paget's disease of the bone (PDB) is characterised by focal abnormalities of
increased bone turnover. Mutations in several genes have been identified as causes
of PDB and related syndromes including receptor activator of NF-kB (RANK), osteo-
protegerin, sequestosome 1 and valosin containing protein. All of these genes play a
role in the RANK signalling pathway, which is essential for osteoclast activation. Rare
bone diseases such as osteopetrosis and hereditary osteoscleroses are also caused
by mutations in genes that affect bone cell function. Osteopetrosis is characterised
by increased BMD, and failure of osteoclastic bone resorption due to mutations in
genes that encode proteins that are essential for osteoclast activity like the chloride
pump and proton pump, or mutations in genes like cathepsin K, which breakdown
bone matrix. Although the bones are dense, fractures are common in osteopetrosis
because of reduced bone quality. Osteosclerosis occurs because of mutations in
genes that increase osteoblast activity, including SOST, transforming growth factor
beta and LRP5. Osteosclerotic patients also have increased BMD but fractures are
rare, because bone quality is normal. From a clinical standpoint, advances in knowl-
edge about the genetic basis of bone disease offers the prospect of developing new
markers for assessing fracture risk and the identification of new molecular targets
that will form the basis for the design of new treatments.
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One of the most important but as yet unanswered questions in inflammation
research is not why chronic inflammation occurs but why it does not resolve.
Current models of inflammation stress the role of antigen-specific lymphocyte
responses and attempt to address the causative agent. However, recent studies
have begun to challenge the primacy of the lymphocyte and have begun to focus
on an extended immune system in which stromal cells, such as macrophages and
fibroblasts, play a role in the persistence of the inflammatory lesion.
In this lecture | will illustrate how fibroblasts play an important role in regulating the
switch from acute resolving to chronic persistent inflammation associated with the
pathology of diseases such as rheumatoid arthritis [1]. In chronic inflammation the
normal physiological process of the death and emigration of unwanted inflammatory
effector cells becomes disordered leading to accumulation of leucocytes [2-4]
within lymphoid aggregates that resemble those seen in lymphoid tissue [5]. | will
describe how fibroblasts from the rheumatoid joint provide survival and retention
signals for leucocytes leading to their inappropriate and persistent accumulation
within inflamed tissue [6]. Our work suggests that targeting the stromal microenvi-
ronment is likely to be an important strategy for future anti-inflammatory therapies.
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Apoptosis constitutes a highly selective way of eliminating aged and injured cells
and is a key mechanism for the balanced growth and regeneration of tissues. In
addition to genotoxic stress and the withdrawal of growth factors, apoptosis can
be induced by death receptors. Such receptors trigger apoptosis through an
approximately 90 amino acid death domain. Prominent and best-characterized
members of the death domain receptor family are Fas (CD-95/Apo-1) and the
p55 TNF receptor (TNFRI). Alterations in receptor-mediated apoptosis may result
in changes of tissue homeostasis and have been found in a variety of malignan-
cies as well as in the inflamed and hyperplastic synovium in rheumatoid arthritis.
Accumulating evidence suggests that the activation of rheumatoid arthritis syn-
ovial fibroblasts (RASF) is associated with alterations in apoptosis, especially at
sites of invasion into cartilage and bone. Specifically, it has been demonstrated
that RASF are less susceptible to Fas-induced cell death than osteoarthritis syn-
ovial fibroblasts but show higher expression levels of Fas.
Recent studies have shown that both cytokine-dependent and cytokine-indepen-
dent mechanisms contribute to the resistance of RASF against Fas-induced
apoptosis. Thus, tumor necrosis factor alpha (TNF-a) — a major inflammatory
cytokine in the rheumatoid synovium — fails to induce apoptosis in RASF, but
reduces the susceptibility of these cells to Fas-mediated cell death through the
induction of the transcription factor NF-kB. Providing a link between altered
apoptosis and cartilage destruction, we have shown that overexpression of TIMP-3
through gene transfer not only reduces the invasiveness of RASF but also modu-
lates the apoptosis-inhibiting effects of TNF-a.. RASF overexpressing TIMP-3 are
sensitized strongly to Fas/CD95-mediated cell death by TNF-o., and gene transfer
of TIMP-3 inhibits the TNF-a-induced activation of NF-kB. While these effects of
TNF-o. on apoptosis can be found in different fibroblasts, several anti-apoptotic
molecules have been demonstrated to be upregulated specifically in RASF.
In this context, we have investigated the role of the small ubiquitin-like modifier
SUMO-1 in the regulation of apoptosis. We found that increased levels of
SUMO-1 in RASF but not in osteoarthritis synovial fibroblasts were associated
with a reduced susceptibility of RASF to Fas-induced apoptosis. Using small inter-
fering (si)RNA to knock-down the expression of SUMO-1 as well as retroviral gene
transfer of SUMO-1, we could establish a functional relationship between the
expression of SUMO-1 and the resistance of RASF against apoptosis. Moreover, it
was demonstrated by gene transfer of the nuclear SUMO-protease SENP1 that,
rather than by interacting directly with the Fas-associated death domain, SUMO-1
inhibits apoptosis through recruiting pro-apoptotic molecules such as DAXX into
nuclear PML bodies, where they cannot exert their pro-apoptotic effects.

Taken together, there is growing evidence that in activated fibroblasts, such as in

RASF, there is a close association between anti-apoptotic and destructive path-

ways. In addition to cytokine-dependent inflammatory mechanisms, the intrinsic

upregulation of anti-apoptotic molecules contributes to the resistance of RASF
against apoptosis. Post-translational modification of nuclear proteins through

SUMO-1 appears to constitute an important mechanism of apoptosis regulation.

Therefore, the inhibition of molecules that confer the resistance of RASF to apop-

tosis constitutes a most interesting therapeutic target.
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Rheumatoid arthritis (RA) is an immune-mediated disease with synovial inflamma-
tion and invasion of the extracellular matrix. While adaptive immunity plays a key
role in the pathogenesis of RA, the contribution of innate immune responses has
been increasingly appreciated in recent years. Toll-like receptors (TLRs) and
cytokines in the rheumatoid synovium can activate signal transduction pathways
that induce proinflammatory genes and perpetuate synovitis. Understanding
these signaling mechanisms helps us understand the pathogenesis of disease
and identify novel therapeutic targets.

Among the signaling pathways that are potentially involved in inflammation, the
IKK-related kinase, inducible IKK (IKKi or IKKe), appears to play a key role in
innate immune responses in the joint and modulates synovial inflammatory
responses. This kinase, along with a second IKK-related kinase TANK binding
kinase 1 (TBK1), was originally identified as a NF-xB activating enzyme that
phosphorylates IkB. It is now clear, however, that this represents only one of
several substrates for this family. For instance, IKKi also phosphorylates interferon
regulatory factor (IRF) and coordinates the activation of IRF and NF-«B after TLR
ligation. IKKi may also link the NF-kB and CCAAT enhancer binding protein
(C/EBP) pathways in lipopolysaccharide-stimulated cells. The novel roles for IKKi
suggests that it contributes to the signaling pathways involved in synovial inflam-
mation. Moreover, IKKi appears to play a key role in the establishment of an ‘anti-
viral state’ through the activation of IRF3 and c-Jun with subsequent production
of interferon beta (IFN-B) and other genes involved in host defense.

We previously demonstrated that IKKi is constitutively expressed in RA synovial
tissue and fibroblast-like synoviocytes (FLS), and that the gene can be induced
by cytokine stimulation. More recent studies now show that functional activity of
IKKi in cultured synoviocytes is rapidly increased by exposure to proinflammatory
cytokines and TLR agonists. We have also shown that IRF3 is activated in RA
synovium, which represents an early step in the IKKi-mediated expression of anti-
viral genes like IFN-B. Additional preliminary data with human FLS suggest that
the IKKi pathway can activate other signaling cascades, such as c-Jun, which play
a role in assembly of the interferon ehanceosome to increase IFN-B expression.
Using FLS from IKKi knockout mice, we have shown that IKKi can act as a key
link between TLR/cytokine receptor ligation and expression of cytokines and
matrix metalloproteinases. IKKi might serve in an alternative signaling pathway for
activation of innate immunity in RA and establishing an anti-viral state in the syn-
ovium, especially through the activation of IRF3-driven and c-Jun-driven genes.
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Objective NF-kB is a key regulator of synovial inflammation. In the initiation phase
of rheumatoid arthritis (RA) dendritic cells and T cells are likely to be important,
whereas in established arthritis other cells play a key role as well. We investigated
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the relative effect of upstream NF-xB inhibition specifically in T cells versus non-cell
type specific NF-kB inhibition in different stages of rat adjuvant arthritis (AA), using
either the T-cell specific PKC-theta inhibitory factor (PIF) peptides or non-cell type
specific IKK-beta blocking NEMO binding domain (NBD) peptides. The effects of
the NBD peptide on human RA synovial tissue in culture were also evaluated.
Methods AA was induced in Lewis rats by intradermal injection of heat-killed
mycobacteria. Rats develop clinical signs of arthritis 10—-12 days after immuniza-
tion. PIF or NBD peptides (150 ng) were administered either intraperitoneally or
intra-articularly into the ankle joint at different time-points. The course and severity
of arthritis was monitored using water-displacement plethysmometry. On day 21
rats were sacrificed and tissue specimens were collected for routine histology
and X-rays of the ankle joints. Human RA synovial tissue was collected by
arthroscopy and cultured ex vivo = NBD (100 uM). Tumor necrosis factor alpha
induced IL-6 production was measured in the supernatant after 7 days by ELISA.
Results Intra-articular injection of the T-cell specific PKC-theta inhibitor PIF on
days 10 and 12 did not result in amelioration of arthritis nor reduced bone
erosion. However, intraperitoneal injection of PIF on days —1, 1 and 3 resulted in
reduced T-cell proliferation on day 5 in response to TCR triggering (50%;
P=0.03) or cognate antigen (PPD) (80%; P = 0.05). Furthermore, this resulted
in a slightly reduced severity of arthritis (area under the curve 18.47 versus
22.86; P=not significant) and radiological damage (erosion score 4 versus 6;
P= not significant). Non-cell type specific NF-kB blockade by the NBD peptide
resulted, however, in significantly reduced severity of arthritis (P < 0.0001) and
radiological damage (P = 0.04) when injected intra-articularly on days 10 and 12.
In addition, proinflammatory cytokine expression was significantly lower in syn-
ovial tissue of NBD-treated rats. Incubation of human RA synovial tissue with
NBD peptides resulted in 33% inhibition of tumor necrosis factor alpha induced
IL-6 production in the supernatant (P < 0.01).

Conclusions Specific NF-kB blockade using a small molecule inhibitor of IKK
beta has anti-inflammatory effects in AA and human RA synovial tissue. Inhibition
of PKC-theta has clear effects on T-cell proliferation when administered around
the induction of arthritis, but very limited effects on the clinical course of arthritis,
suggesting that NF-xB activity in other cell types contributes significantly to the
inflammatory response. These results indicate that IKK-beta-targeted NF-xB
blockade is superior to T-cell specific PKC-theta inhibition in established arthritis.
Acknowledgement This study was supported by a EULAR Young Investigator
Award to SWT.
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The aim of our study was to evaluate antibodies against ‘specific liver’ antigens in
selected sera from patients with positive ‘AMA like’ and unidentified (UD) Hep2
cytoplasmic immunofluorescence (ctp IIF).

Sera of 75 inpatients and outpatients from the Department of Rheumatology,
Ljubljana met the inclusion criteria: 36 with AMA-like and 39 with UD pattern. All
sera were also negative for anti-M2 and/or antibodies against pyruvat dehydroge-
nase complex as well as negative to other defined ctp IIF patterns according to
European Consensus Finding Study: lysosomal-like, Golgi-like, vimentin-like and
actin-like. The majority of patients fulfilled the criteria for connective tissue dis-
eases and rheumatoid arthritis.

Antibodies against intracellular antigens were screened by IIF on HEp2 cells
(Immunoconcepts, Sacramento, CA, USA). Antibodies against LKM1, SLA, LC1
and Sp100 were performed by line immunoassay (Imtec, Berlin, Germany).

There was no difference in AMA-like and UD ctp IIF concerning antibodies
against ‘specific liver' antigens. A surprisingly high prevalence of positive anti-
LKM1 was found in sera regardless of the IIF pattern (Table 1).

Table 1

Antibodies against ‘liver specific’ antigens in sera with AMA-like and
UD ctp IIF

n  Sp100 LKM1 SLA LGt
AMA-like 42 4 19 (45%) 0 1
Unidentified 33 4 14 (42%) 2 0
Al 75  8(11%)  33(44%)  2(3%) 1 (1%)

Anti-LKM1 has been considered as one of the markers for autoimmune hepatitis
type Il characterised by fulminant onset and high inflammatory activity according
to Imtec data. None of our patients with positive anti-LKM1 had any serious
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hepatic involvement, therefore they had not been histopathologically evaluated.
Only few of them exhibited minor deviations in liver enzymes (less than 1 x upper
normal limit). There was slightly lower prevalence of connective tissue disease
patients found among UD ctp IIF (Table 2).

Table 2

Antibodies against ‘liver specific’ antigens in sera with AMA-like and
UD ctp IIF

Patients n (%) Sp100 LKM1 SLA LCH
AMA (n=42)
Connective tissue
diseases 25/42(60%) 3 8 0 1
Rheumatoid arthritis 6/42 (14%) 0 5 0 0
Other 11/42 (26%) 1 6 0 0
Unidentified (n = 33)
Connective tissue
diseases 15/33 (46%) 3 6 2 0
Rheumatoid arthritis 6/33 (18%) 0 2 0 0
Other 12/33 (36%) 1 6 0 0

An UD ctp IIF pattern is a frequent laboratory finding but it seems not to be of
much help to rheumatologists. A search for antibodies against ‘specific liver’ anti-
gens seems not to be justified for delineation of hepatic involvement in patients
with rheumatic diseases. According to the literature in patients with autoimmune
hepatitis the meaning of these antibodies is different.
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Background Tissue hypoxia in inflammation induces the upregulation of a gene
program associated with angiogenesis, glycolysis and adaptation to pH via the
hypoxia-inducible transcription factors (HIFs). In this study we investigate the rela-
tionship between synovial tissue oxygen levels in inflammatory arthritis and tissue
expression of HIF-1a and vascular endothelial growth factor (VEGF).

Methods Novel silver microelectrode technology was used to measure synovial
tissue oxygen levels under direct vision during arthroscopy in six patients with
inflammatory arthritis of the knee. A sterile silver needle electrode comprising a
teflon-insulated silver wire was embedded in a 19 G hypodermic needle of 10 cm
length and introduced to the intra-articular space via a medial suprapatellar
approach such that the electrode tip could be directly visualised by the arthro-
scope introduced from a standard lateral infrapatellar approach. The voltage
applied was adjusted to give a diffusion-limited current for the reduction of
oxygen. Synovial biopsies were taken under direct vision from exactly the point at
which tissue oxygen levels were measured and snap-frozen immediately. HIF-1c,
HIF-200 and VEGF were detected by immunohistochemistry in fixed synovial
biopsy sections and the immunopositive area fraction was determined by quanti-
tative digital image analysis.

Results The mean and standard deviation for oxygen tension in the synovial
tissue of the joints sampled was 15.4 * 9.6 mmHg, range 24.4 mmHg. The mean
and standard deviation for immunopositive area fraction for HIF-1o. was
0.64 % 0.39% and for HIF-20. was 4.9 £ 6.7%. HIF-10. and HIF-20. staining were
detected predominantly in the synovial lining layer. There was a significant,
inverse relationship between synovial tissue oxygen measurement in vivo and
tissue expression of HIF-1 (Pearson r = -0.86, P = 0.03) and similarly between
synovial tissue oxygen and tissue expression of VEGF (Pearson r = -0.89,
P=0.02). There was a positive, highly significant correlation between synovial
expression of HIF-1a. and VEGF (Pearson r=0.97, P = 0.0005).

Conclusions In this study we directly demonstrate that intra-articular pO, is
markedly reduced in inflammatory arthritis. Furthermore, in the same patients, syn-
ovial tissue oxygen tensions are inversely proportional to HIF-1a and VEGF
expression, suggesting that this environment contributes to the perpetuation of
inflammation and associated tissue destruction.
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Background and objectives Rheumatoid arthritis is an autoreactive disease in
which activated T cells play an important role orchestrating the autoimmune
responses giving rise to the inflammatory cascade responsible for joint inflamma-
tion and bone destruction. The CD28/B7 costimulatory pathway is critical for full
T-cell activation, and modulating this pathway has been shown to inhibit T-cell
activation leading to inhibition of these immune responses. Abatacept modulates
T-cell activation by interfering with the engagement of CD80/86 with CD28.
Abatacept has been shown to provide significant improvement in the signs and
symptoms of rheumatoid arthritis in a phase Il trial. Here, we examine the effect
abatacept administration has on disease induction, anti-collagen antibody pro-
duction and bone destruction in a rat model of collagen-induced arthritis.
Methods Female DA rats were immunized subcutaneously on day O with 300 pg
bovine type Il collagen in incomplete Freund's adjuvant at the base of the tail.
Immunized rats were administered either 1 mg/kg abatacept or a control human
IgG IP on days -1, 0, 2, 4, 6, 8 and 10. Disease progression was monitored by
measuring the paw volume in milliliters with a plethysmometer. Both hind paws
were measured and the change in volume from baseline measurements (day 0)
were recorded. At the conclusion of the study (day 27) serum samples were col-
lected from each animal for measurement of collagen-specific antibodies by
ELISA as well as serum cytokine measurements. Legs from the rats were
removed and placed in formalin and prepared for histological analysis as well as
analysis of bone morphology by micro-CT.

Results By day 16 of the study, significant paw swelling was observed in the
IgG-treated control animals and continued to increase throughout the study until
reaching a plateau (~ 3-3.5 ml) on day 21. Administration of abatacept abro-
gated paw swelling throughout the course of the study. The IgG-treated rats
reached 100% incidence while no incidence was observed in the abatacept-
treated group. Serum anti-collagen antibody levels correlated well with the paw
swelling data where abatacept administration resulted in 90% inhibition of colla-
gen-specific antibodies. We also found that abatacept decreased the expression
of many of the circulating cytokines and chemokines that were upregulated in dis-
eased animals. The micro-CT data revealed that abatacept treatment protects the
bone from destruction as the knees and ankles of these rats appear to be normal.
Conclusion Abatacept, a selective co-stimulation modulator, significantly inhib-
ited the onset and progression of disease in a rat collagen-induced arthritis
model. In these studies, paw swelling, collagen-specific antibodies and bone
destruction were all inhibited by the treatment.
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Background The transcription factor T-bet is a critical regulator of Th1 effector
function. Animals deficient in T-bet are protected from a variety of inflammatory
diseases, including systemic lupus erythematosus and inflammatory arthritis. An
essential function of Th1 cells is the ability to traffic appropriately to sites of
inflammation, which is largely dependent on the expression of specific selectin
ligands and chemokine receptors. We therefore hypothesised that T-bet would
modulate lymphocyte trafficking in vitro and in vivo by direct regulation of both
selectin binding and chemokine function.

Methods Balb/c mice deficient in, or transgenic for, T-bet had been generated
previously. T-bet”= x DO11.10 TCR and T-bet/~ x IFN~~ mice were generated
by backcrossing for >10 generations. CD4+ T cells were generated from primary
lymph nodes from all these mice by positive selection and stimulation with appro-
priate antigen. Functional analysis used the following four methods: adoptive
transfer into WT Balb/c mice, which were then injected with OVA, cells were har-
vested from the spleen, lymph node and peritoneum; selectin binding, interac-
tions with immoblised P-selectin and E-selectin under conditions of laminar flow
were examined in a parallel plate flow chamber; expression of selectin ligands,
using flow cytometry, real-time PCR and 35S incorporation; and chemokine
receptor expression and function, using flow cytometry, real-time PCR, transwell
chemotaxis and endothelial binding under flow conditions.



Results Selective migration of T-bet~ CD4* T cells in a Th1-dependent model
of peritoneal inflammation was completely abrogated. Further investigation
revealed that this effect was due to a 50% reduction in binding to P-selectin but
not E-selectin under in vitro flow conditions and that this was as a result of
impaired tyrosine sulfation of PSGL-1. In addition, mRNA and surface expression
of CXCRS, but not CCR5, was reduced and this was associated with a reduction
in both transwell chemotaxis and binding to endothelial cells. Retroviral transfer
experiments of T-bet cDNA into T-bet™~ and T-bet~~ x IFN~/~ cells demonstrated
that these effects were independent of interferon.

Conclusions These data establish that T-bet imprints a specific migratory
program onto developing CD4+ cells via control of PSGL-1 sulfation (and thus
P-selectin binding) and CXCR3 expression and function. Furthermore, as
E-selectin and CCR5 binding are unimpaired, this reveals a level of control on
trafficking of Th1 lymphocytes not recognised by previous paradigms.
Acknowledgements This work was supported by the Arthritis Research Cam-
paign (R0600), the Medical Research Council (G108/380) and the National
Institutes of Health (Al48126, HL36028, HL53993).
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Background It has been suggested that rheumatoid arthritis (RA) is initiated or
perpetuated by CD4 T cells activated by presentation of joint antigens by sus-
ceptible MHC class Il molecules including HLA-DR4 and DR1. A number of can-
didate antigens have been investigated including cartilage-derived type I
collagen and aggrecan. Immunisation of susceptible strains of mice with aggre-
can, including BALB/c (H-29), induces autoimmune arthritis, providing an animal
model of human RA [1]. Immunisation with peptides predicted to bind to HLA-
DR4 also induces T-cell responses in HLA-DR4 transgenic mice [2]. The auto-
immune T-cell response focuses on only a few epitopes within restricted regions
of aggrecan such as the G, globular domain, for reasons that are poorly under-
stood. One explanation is a failure of self-tolerance due to poor presentation of
these aggrecan epitopes in the thymus, and presentation of the same epitopes in
joints following release and processing of the normally sequestered aggrecan
induced by early inflammatory events. T-cell responses have also been observed
in RA patients mapping epitopes within the G, domain.
Aim To characterise aggrecan-specific T-cell hybridomas from BALB/c (H-29)
and DR1 transgenic mice to investigate the mechanisms of antigen presentation
of arthritogenic CD4 T-cell epitopes of aggrecan.
Methods Aggrecan-specific T-cell hybridomas were generated from spleen cells of
BALB/c and DRB1*0101-transgenic mouse-MHC class Il knockout (DR1-tg) mice
immunised with deglycosylated bovine aggrecan. Synthetic peptides of three known
arthritogenic H-29-restricted epitopes (amino acids 68-82, 84-103 and 169-189)
and three DR1-restricted epitopes known to be recognised by RA patients (amino
acids 148-165, 201-213 and 292-311) from the G; domain of bovine aggrecan
were used to define the specificity of T-cell hybridomas. Cultured bone marrow
macrophages were treated with deglycosylated bovine aggrecan or synthetic pep-
tides and used as antigen-presenting cells. T-cell hybridoma responses were mea-
sured by proliferation of CTLL-2 indicator cells to T-cell hybridoma supernatants in
the presence of tritiated thymidine and expressed as counts per minute.
Results The specificity of most aggrecan-specific T-cell hybridomas mapped to
the aggrecan G, domain using synthetic peptides representing known H-2d-
restricted or DR1-restricted CD4 T-cell epitopes. However, most cloned (and
recloned) T-cell hybridomas recognised two of the H-29-restricted epitopes
(84-103 and 169-189) as well as two of the DR1-restricted epitopes (148-165
and 292-311). The same synthetic peptides were not recognised by H-29-
restricted and DR1-restricted T-cell hybridomas of unrelated specificities and
were not mitogenic for spleen cells from BALB/c or DR1-tg mice. None of the
T-cell hybridomas recognised aggrecan epitopes 68—-82 or 201-213.
Conclusion We are investigating this unexpected pattern of cross-reactivity
between a number of known arthritogenic epitopes of aggrecan using lymph
node T-cell responses of peptide-immunised BALB/c and DR1-tg mice. In addi-
tion we are investigating the mechanisms of antigen presentation of these epi-
topes, which may shed light on why this particular region of aggrecan is antigenic
for autoreactive T cells.
References
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Background Tendon disease is often the first presentation of rheumatoid arthritis
(RA). Tenosynovial proliferation results in scarring and adhesion formation.
Synovial invasion into tendons occurs in 50% of cases and is associated with
multiple tendon ruptures and a poorer prognosis. Recent work on diseased joints
suggests that hypoxia may play a key role in synovial invasion. We hypothesised
that hypoxia promotes and maintains the inflammatory response in RA teno-
synovium via neovascularisation.

Objectives To measure oxygen tension (pO,) within the synovium of rheumatoid
tendons and joints in vivo. To study markers of hypoxia and neovascularisation in
invasive and non-invasive tendon synovium by immunohistochemistry. To investi-
gate the effects of hypoxia on in vitro cultures of invasive and non-invasive
tenosynovium.

Methods Patients undergoing elective hand surgery for RA were recruited into
the study. /n vivo oxygen tension measurements were taken intra-operatively
using an established microelectrode technique. Readings were taken from
tendon and joint synovium. Diseased tissue was harvested from areas of oxygen
sampling for immunohistochemical analysis of CD31 expression.

Tissue was also harvested from invasive and non-invasive tenosynovium. Joint
tissue was used as a control. Serial sections of tissue were stained for the pro-
angiogenic factor vascular endothelial growth factor (VEGF) and the hypoxia-
regulated transcription factor hypoxia inducible factor (HIF)-2c.

Separate tissue from these three areas of interest was enzymatically digested and
cultured in hypoxic (1% oxygen) and normoxic (21% oxygen) conditions. Super-
natants were harvested at 24 hours and analysed for expression of key inflamma-
tory cytokines by ELISA.

Results We observed profound hypoxia in the synovium of RA tendons and joints
in vivo despite immunohistochemical evidence of markedly increased vascularity,
measured as expression of CD31. Immunohistochemical analysis revealed
twofold greater VEGF expression in tenosynovium (P<0.05), compared with
joint synovium from the same patient. Levels of HIF-2a. were found to be similar in
tendon and joint synovium.

One of the consequences of synovial hypoxia could be the modulation of inflam-
matory and angiogenic cytokines. We found that hypoxia upregulated in vitro
expression of pro-angiogenic cytokine VEGF in both joint and tenosynovial cul-
tures (P < 0.05) by an average of 128%, and in parallel increased levels of the
pro-inflammatory cytokine tumour necrosis factor alpha by an average of 105%.
In contrast, hypoxia downregulated expression of monocyte chemoattractant
protein-1 (P < 0.05) by an average of 44%.

Conclusions Hypoxia is a feature of rheumatoid tenosynovitis. Key cytokines are
regulated by hypoxia in this disease process. HIF-20. may represent the link
between hypoxia and VEGF-driven angiogenesis in rheumatoid tendon disease.
Acknowledgements BS is a Royal College of Surgeons of England Research
Fellow. The Kennedy Institute of Rheumatology receives a core grant from arc.
P8

Short-fibre modification facilitates adenovirus-mediated
gene delivery in rheumatoid arthritis synoviocytes and
synovium: role of RGD and non-RGD binding integrins

M-L Toh', S-S Hong?, L Franqueville?, L Lindholm3, P Boulanger?,

P Miossec!

"Department of Inmunology and Rheumatology, Mixed Unit Civil Hospital of
Lyon-Biomerieux, Edouard Herriot Hospital, Lyon, France; 2Laboratory of Virology
and Viral Pathogenesis, CNRS UMR-5537, Faculty of Medicine RTH Laennec,
Lyon, France; 3Department of Medical Microbiology and Immunology, University
of Géteborg, and Got-A-Gene AB, Géteborg, Sweden

Arthritis Res Ther 2005, 7(Suppl 1):P8 (DOI 10.1186/ar1529)

Objective Adenovirus 5 (Ad5) receptors other than Cocksackie-ad receptor have
not been well explored in rheumatoid arthritis (RA) human fibroblast-like synovio-
cytes (FLS). Defining these receptors may enable development of improved Ad5
vectors to specific synovial targets. As Cocksackie-ad receptor is absent in RA
FLS, we investigated the efficacy and receptor usage of fibre-modified Ad5
vectors for gene delivery in vitro and ex vivo.

Methods Short fibre modified vectors with seven fibre repeats (Ad5GFP-R7-
knob, Ad5GFP-R7-RGD) were compared with wild-type (WT) 22 repeats
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(Ad5GFP-FIWT) and GFP expression measured in RA human FLS and a syn-
ovium explant model. Integrin expression was determined by flow cytometry.
Receptor usage was examined by competition binding assays with viral penton
base (PB) WT, RGD and LDV-mutant peptides, and antibodies against PB and
integrins. Viral neutralization by synovial fluid was examined.

Results Ad5GFP-R7-knob gene transduction was 25-fold higher than Ad5GFP-
R7-RGD and 40-fold to 50-fold higher than AdSGFP-FIWT in FLS. Ad5GFP-R7-
knob gene transduction was reduced with PB, RGD and LDV, and antibodies
against PB and aw, ovB3, owvp5, and B1 integrins. Ad5GFP-R7-knob transduction
was increased by tumour necrosis factor and IL-1, remained 30-fold to 40-fold
higher than Ad5GFP-FiIWT in the presence of synovial fluid and preferentially
transduced synovium explant outgrowth/tissue.

Conclusion Ad5GFP-R7-knob has broadened viral tropism superior to RGD-
modified and WT vectors, mediated by integrin-binding RGD and non-RGD
motifs in viral PB capsomers in RA FLS. Ad5 short fibre modifications utilize
tropism of the native PB to optimise integrin usage as both attachment and endo-
cytotic receptors. This may be a useful strategy of enhancing gene delivery in RA,
reducing vector dose and induction of inflammation and toxicity.
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Background and objective Elevated expression of laminins (LN) and integrins in
the synovial membrane of rheumatoid arthritis (RA) versus osteoarthritis patients
has been reported but metabolic effects of attachment of synovial fibroblasts (SF)
to LN are not well studied. We therefore investigated gene expression patterns in
SF upon attachment to LN1 (EHS laminin) in comparison with LN10.

Methods Expression of IL-1q,, IL-1p, IL-6, IL-8, IL-16, IL-18 as well as matrix met-
alloproteinase (MMP)-1 and MMP-3 were investigated in RA SF (n = 6) or
osteoarthritis SF (n =7) in primary or early passage cultures. Fibroblasts were
seeded onto LN1-coated vessels (BD BioCoat®) for 24-72 hours and cells
attached to cell culture vessels served as controls in all experiments. In addition,
cells were activated with cytokines and growth factors such as transforming
growth factor beta (TGF-B). After activation, transcript amounts of individual
genes were enumerated by quantitative RT-PCR. A recombinant cytokine stan-
dard and GAPDH RT-PCR served as controls in each sample. Expression of the
o1, B1 and y1 chains of LN1 laminin by SF was investigated by quantitative RT-
PCR and immunocytochemistry. The secretion of MMPs was enumerated by
ELISA in SF supernatants.

Results Growth of SF on LN1-coated surfaces without additional stimuli induced
a significant IL-8 mRNA response (3.1-fold, £ 1.24, P < 0.001) and lower
responses for IL-1B, IL-16, IL-10,, IL-18 and IL-6. MMP-1 mRNA was upregulated
2.3-fold (£ 0.79, P < 0.001), and MMP-3 mRNA only 1.5-fold. Upon incubated of
SF on LN10, cytokine and MMP expressions were not changed. Addition of TGF-
(10 ng/ml, 24 hours) to SF attached to tissue culture vessels showed a different
induction profile. Here IL-6, IL-1B, IL-10, IL-8, IL-16 and MMP-1 mRNAs were
induced to some degree, IL-18 mRNA was reduced whereas MMP-3 mRNA was
induced (8.15-fold, = 0.7, P < 0.04), when compared with controls. Next combina-
tions of activation by TGF-B and laminin signaling were investigated. For cytokine
expressions no additive effects of combining these signals were seen and MMP-1
mRNA was induced to some extent (threefold, & 1.76). In contrast, MMP-3 mRNA
was induced more that 10-fold (12.8 £ 8.7, P < 0.025) and MMP-3 secretion was
elevated almost 20-fold (19.67 % 6.9, P < 0.06). In SF, mRNAs encoding o1, B1
and y1 laminin — which encode the proteins for LN1 — were detected by quantita-
tive RT-PCR and transcript amounts encoding the o1 and 31 chains of LN1 were
higher than mRNA encoding the LN1 y1 chain. Using an anti-EHS serum, LN1
was detected on SF by immunocytochemistry. However, using monoclonal anti-
bodies to laminin a1 or Y1 proteins, staining signals were very weak.

Conclusions Attachment to LN1-laminin in the presence of TGF-§ induces ele-
vated MMP-3 expression in SF. However, an autocrine stimulation of MMP-3
expression by SF via TGF-f and LN1 seems rather unlikely, as LN1 is not
expressed in high amounts in the adult synovial membrane. Still, activation of SF
by LN1 may serve as a model for activation of fibroblasts by extracellular matrix
compounds in the presence of growth factors or cytokines, and both pathways
contribute to the aggressive invasive growth of SF in the course of RA.
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Background Since the idiotypic network is an important mechanism for control-
ling the immune repertoire, we tested anti-idiotypic modulation employing con-
centrated specific natural polyclonal anti-dsDNA anti-idiotypic antibodies
obtained from a commercial IVIG in the treatment of experimental systemic lupus
erythematosus (SLE).

Aim To address the specificity and efficacy of affinity purified IVIG, affinity purified
on peptide mimetics of anti-dsDNA idiotypes, in vitro and in vivo, as treatment for
experimental lupus.

Materials and methods Specific natural polyclonal anti-dsDNA anti-idiotypic
antibodies were affinity purified from IVIG (OMRIX Biopharmaceuticls Inc., Nes-
Ziona, Israel) on an anti-dsDNA-Sepharose column constructed with anti-dsDNA
idiotypes affinity purified from 55 patients with SLE. This compound improved the
clinical manifestations of NZBXWXF1 mice in 200 times lower concentration
than IVIG. This lupus-specific IVIG was introduced to a peptide phage display
library (C-7mer-C). The identified synthetic peptides (idiotype mimetics) were
synthesized and used to replace the human anti-dsDNA idiotypes column. IVIG
affinity purified on the synthetic peptides columns were determined as peptide-
specific IVIG (psIVIG). The psIVIG compound was tested for specificity by ELISA
and competition assays.

Results Each pslVIG inhibited the binding of anti-dsDNA antibodies from 12
lupus patients, to dsDNA, differentially by 15% up to 46% or as a mix up to
87-94%. Naive mice immunized with a branched peptide composed of the syn-
thetic mimetics of anti-dsDNA idiotypes induced the generation of elevated titers
of anti-dsDNA. The anti-dsDNA generation was inhibited in the branced peptide
immunized mice, following treatment with psIVIG. A cocktail of psIVIG was intro-
duced to NZBxWxF1. The following clinical parameters were improved in the
NZBxWxF1 pslVIG subjected mice: circulating anti-dsDNA antibodies, leukope-
nia, proteinuria and immunoglobulin deposits in the kidneys.

Conclusion We introduce herein an IVIG subfraction, specific for anti-dsDNA
treatment for lupus patients, and discuss its efficacy and beneficial effect in sup-
pression of humoral and clinical signs of SLE versus regular IVIG.
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Background Impaired clearance of apoptotic cellular debris by macrophages
was recently suggested as a mechanism leading to the systemic pathogenesis of
systemic lupus erythematosus patients. Serum Amyloid P component (SAP) is a
plasma protein that binds apoptotic cells and macrophages.

Objective To investigate the ability of SAP protein and its synthetic peptide
derivates to enhance the clearance of apoptotic cells by macrophages in vitro.
Methods Macrophages were isolated from peripheral blood cells of 30 healthy
donors and the purity was confirmed by FACS analysis using CD14-PE. Apopto-
sis was induced in Jurkat cells using anti-Fas antibodies and confirmed by stain-
ing with a caspACE™ FITC-VAD-FMK. The apoptotic cells were introduced to
macrophages in the presence/absence of SAP protein and SAP synthetic
peptide derivatives. Clearance of labeled apoptotic cells by macrophages, in
vitro, was detected by FACS and analyzed under fluorescence microscope.
Results In the presence of SAP, the clearance of apoptotic cells increased twice
(index 2.03) compared with the control (index 1). In the presence of SAP derivate
synthetic peptide (marked as peptide 26), an increase of 53% (index 1.53) was
detected. A D-form of the SAP synthetic derivate peptide was used as a negative
control and gave a clearance index of only 1.1 in comparison with the control. A
significant correlation was found between the concentration of SAP protein and
SAP synthetic peptide derivates and the clearance index.

Conclusion Herein we show the role of SAP and SAP-derived synthetic peptides
in accelerating clearance of apoptotic cells by macrophages in vitro. Our results
may pave the way for future development of SAP-derived synthetic peptides for
apoptotic cell clearance improvement in systemic lupus erythematosus patients.
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Objectives Heart valve lesions and central nervous system (CNS) involvement
are among the most common manifestations of antiphospholipid syndrome
(APS). We evaluated possible inter-relations between these manifestations in a
large group of APS patients.

Methods Two hundred and eighty-four APS patients were retrospectively evalu-
ated, 159 of whom had primary APS (PAPS). Cardiac-CNS associations were
determined for the entire study population, and for subgroups of patients with
PAPS or APS secondary to systemic lupus erythematosus (SLE).

Results Significant associations where found between cardiac vegetations and
epilepsy (P < 0.02), and between cardiac valves thickening or dysfunction and
migraine (P = 0.002). Borderline association was found between valvular vegeta-
tions and migraine (P = 0.09). Subanalyses revealed that patients with PAPS had
significant associations between cardiac valve pathology and both epilepsy and
migraine, while patients with APS secondary to SLE presented no such associations.
Conclusions Our study points to potentially different biological behaviors in PAPS
than in APS secondary to SLE. According to our results, the presence of cardiac
valves pathology may be a risk factor for several CNS involvements in PAPS.
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Objective Ribosomal P is located in the cytoplasm. The detection of antibodies is
to the 60 kda fraction. Anti-ribosomal P antibodies are highly specific for systemic
lupus erythematosus (SLE), and are detected at a 15-20% frequency according
to the literature. Elevated anti-ribosomal P titers correlate with disease activity
and are specifically associated with neuropsychiatric disease such as psy-
chosis/depression. and coexist with anti-dsDNA antibodies. The aim of our study
was to evaluate the frequency of anti-ribosomal P antibody titers and the correla-
tion with manifestations in SLE patients.

Methods Sera samples from 174 individuals were evaluated for titers of anti-
ribosomal P antibodies: 77 samples from SLE patients, 22 patients with
antiphospholipid syndrome (APS), 20 patients with familial Mediterranean fever,
12 patients with infections, and 43 healthy controls. Anti-ribosomal P antibody
titers were tested by ELISA. Manifestations of SLE at the time of serum sampling
were determined by the SLEDAI score.

Results Six SLE patients (11%) harbored elevated anti-ribosomal P antibody
titers. Five SLE patients were females, mean age 44.3 years (range, 18-73 years
old), and the mean SLEDAI mean score was 7 (range, 3-10) indicating moderate
disease. Elevated titers of anti-dsDNA were detected in 50% of SLE patients
with elevated anti-ribbosomal P antibodies. One patient had secondary APS. One
patient with elevated titers of anti-ribosomal had renal disease and psychosis.
Three patients had a rash, while none of the patients had arthritis or leukopenia.
Anti-ribosomal P titers were not elevated in patients with primary APS, familial
Mediterranean fever, infections, or in healthy controls.

Conclusion The prevalence of elevated titers of anti-ribosomal P antibodies was
restricted to SLE patients. No correlation with a specific manifestation was found.
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Background Post-translational modification of human type Il collagen (hCll) in
the form of hydroxylation of Pro and Lys residues and glycosylation of some
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hydroxylated Lys residues has been shown to correlate with hCll arthritogenicity
in susceptible strains of mice [1,2]. At the epitope level, O-linked glycosylation of
Lys,g4 located within the arthritogenic region hCll,59 5,5 has been implicated in
the creation of neoepitopes recognized by arthritogenic T cells [3]. Macrophages
and to lesser extent primed B cells have been implicated in processing hCll for
presentation of hCll,ge_o75 epitope to specific T cells [4,5], whereas Langerhans
dendritic cells are unable to process ClI [6]. Macrophages may thus play a pivotal
role in activation of autoreactive T cells during collagen-induced arthritis.
However, no information is available on the mechanisms of antigen processing of
the glycosylated arthritogenic epitope, although it is likely to be crucial for an
understanding of the activation of autoimmune T cells in rheumatoid arthritis.
Objective We investigated the mechanisms of intracellular processing of hCll for
presentation of the glycosylated epitope hCll,5q_ o753 to CD4 T cells in
macrophages from HLA-DR1-transgenic mice.
Methods HLA-DRB*0101 C57BL/6J0-0 transgenic mice (designated HLA-DR1-
tg) were developed by backcrossing HLA-DRB*0101+Aq+ mice onto a MHC
class ll-deficient background. T-cell hybridomas specific for the glycosylated and
non-glycosylated hCll,54_,,5 epitope were developed to study antigen presenta-
tion of the glycosylated epitope by bone marrow macrophages used as antigen-
presenting cells. Subcellular fractions of macrophages were used as a source of
enzyme activity to digest hCll at pH 4.5 in the presence and absence of enzyme
inhibitors to localize stages of hCll degradation to particular endosomal/lyso-
somal compartments and to identify the families of enzymes involved.
Results HLA-DR1-tg mice lacking mouse MHC class Il were susceptible to colla-
gen-induced arthritis. Macrophages from DR1-tg mice processed intact hCll for
presentation of the glycosylated epitope hCllysq 57, to T-cell hybridomas. T-cell
hybridomas specific for the glycosylated peptide did not cross-react with the non-
glycosylated peptide. Intracellular processing of hCll for presentation of the glycosy-
lated epitope was prevented by inhibitors of serine-proteases, cysteine-proteases,
aspartic-proteases and metallo-proteinases or agents that raise endosomal pH,
suggesting a requirement for extensive lysosomal processing. Lysosome-enriched
subcellular fractions of macrophages were identified as the main organelles
involved in processing and presentation of the glycosylated epitope from hClI, as
these compartments contained: proteolytic enzymes of the serine-proteinase and
cysteine-proteinase families that could generate the glycosylated hCll epitope; the
glycosylated hCIl epitope itself generated by intracellular processing of hCII;
peptide-receptive HLA-DR1 molecules; and complexes of HLA-DR1 molecules with
the glycosylated and non-glycosylated hCll,gq_,,, epitopes.

Conclusion We showed stringent conditions for intracellular lysosomal process-

ing of hClI for presentation of the arthritogenic glycosylated epitope by HLA-DR1

molecules to CD4 T cells, which may explain the lack of tolerance to glycosylated
collagen and induction of arthritis in HLA-DR1-tg mice.
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Background Accelerated atherosclerosis accounts for the increased mortality
seen in patients with established rheumatoid arthritis (RA). Recent research has
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shown that RA is associated with an increase in the carotid intimal medial thick-
ness (IMT). To date, there is no prospective study in RA that examines this ques-
tion and none that includes an inflammatory disease control.

Objectives To evaluate prospectively the burden of inflammation in a cohort of
patients with early inflammatory arthritis, including RA and psoriatic arthritis
(PsA). To correlate inflammatory burden with IMT in this cohort and to compare
with normal age-matched control subjects.

Methods RA and PsA patients with disease duration of more than 5 years were
selected from the early arthritis clinic database for further study. Controls without
inflammatory conditions were recruited from the general clinic. Men older than
40 years and women older than 50 years were excluded. Patients with known
predisposing risks for ischaemic heart disease were also excluded. At the time of
clinical assessment blood samples were collected for erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP) together with fasting lipid samples, and
carotid artery ultrasound was performed at the same time. The mean IMT was
then calculated by averaging the values at three points, 1 cm above, at, and 1 cm
below the area of maximal IMT for each carotid artery.

Results To date, 61 patients (29 RA, 26 PsA and six control subjects) have been
reviewed. Twenty-one (72%) of the RA patients compared with 11 (42%) of the
PsA patients had an increased IMT (normal IMT <0.5 cm). Mean * standard devi-
ation IMT values in the RA cohort (0.6 £+ 0.14) and in the PsA cohort (0.5 + 0.15)
were significantly greater than controls (P = 0.003, P = 0.03, respectively). IMT
values in the RA cohort were greater than in PsA (P=0.017). There was a signif-
icant correlation between IMT and age in the RA cohort. However, mean age in
the three groups was not different and no correlation between IMT and age was
seen in either the PsA or the control group. The area under the curve (AUC) ESR
correlated with the AUC CRP in the group as a whole and in both RA and PsA
separately. No correlation was found between the AUC for ESR or CRP and IMT
in the different subgroups or in patients with an increased IMT.

Conclusions Patients with inflammatory arthritis (RA > PsA) are at a greater risk
of developing atherosclerosis compared with control subjects. No correlation has
been found to date between IMT values and the burden of inflammation as mea-
sured by ESR and CRP over time. Some additional mechanism of accelerated
atherosclerosis in inflammation, yet to be determined, may well apply. The results
are preliminary and recruitment with additional analysis is ongoing.
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The intimal lining of synovial tissue consists of fibroblast-like synoviocytes (type A
synoviocytes) and macrophages (type B synoviocytes). These cells are able to
interact through the CD97/CD55 receptor ligand system. The CD97 receptor is
a heterodimer receptor composed of an alpha and a beta subunit. The
CD97alpha subunit may exist as three isoforms due to alternative spliced tran-
scripts, each having a different affinity for CD55.

When comparing synovium of rheumatoid arthritis (RA) patients with synovium of
patients with osteoarthritis (OA), no increase in the level of total of CD97alpha or
in the level of CD97beta transcripts was found. However, in RA synovium a rela-
tive increased expression of CD97 transcripts encoding isoforms with an
increased affinity for CD55 (CD97alpha2 and CD97alpha3 mRNA) was detected.
A difference in CD97 splice variants between RA and OA tissues could not be
attributed to differences in composition of cells as in both tissues the majority of
CD97* cells were CD14+ macrophages/monocytes — 93% in RA and 94% in
OA, respectively.

These data indicate that during inflammation CD97 splicing is regulated, and we
propose that this is likely to affect trafficking and functioning of CD97-positive
leukocytes.
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Background Rheumatoid arthritis (RA) is a chronic, inflammatory disease with a
number of phenotypic and functional T-cell defects. We previously demonstrated
abnormal differentiation and hyperproliferation of RA patient T cells [1], in relation
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with inflammation and associated with reduced thymic activity as measured by
T-cell recepter excision circle (TREC) content. However, it is still not clear
whether these dysfunctions are a primary feature of RA or only secondary to
inflammation. Therefore we analysed RA patients in clinical remission in whom
systemic inflammation was controlled.
Methods Patients were defined as ‘in remission’ when they had controlled
disease, with no change of activity for at least 6 months, C-reactive protein below
15, no swollen or tender joints and on stable treatment (with or without therapy).
Measurements of TREC content in CD4* T cells was by real-time PCR. IL-7
quantification was by ELISA. Proliferation assay in response to mitogen, IL-2,
TCR stimulation or recall antigen.
Results The TREC content of CD4* T cells in these patients was heterogeneous
(n = 35). However, two groups of patients could be defined: group 1 (TREC
rich), similar to healthy controls (n = 17); group 2 (TREC poor), close to active
disease (n = 19). No conventional clinical parameter such as age, sex, disease
duration, remission duration, treatment, clinical scores or rheumatoid factor could
explain this difference. However, age at disease onset was significantly distrib-
uted between these two groups (P = 0.021) and correlated with a familial mater-
nal history of RA. IL-7 is essential to thymic T-cell development and to T-cell
activation in the periphery. We found large variations in IL-7 circulating levels
between RA patients in remission (n = 57). There was a positive correlation
between the circulating levels of IL-7 and the TREC content (r = 0.701,
P<0.0001), suggesting that recovery of thymic activity was limited by the avail-
ability of IL-7. We investigated T-cell responses to mitogen, antigen, recall
antigen and IL-2 in patients with high and low levels of circulating IL-7 (n = 5 for
each group). Low levels of IL-7 were associated with hyporesponsiveness to all
stimuli, which could be overcome by adding IL-7 to the cultures. In contrast, high
levels of IL-7 were associated with optimal responses to all stimuli including recall
antigen and were not greatly ameliorated by supplementing IL-7.
Conclusion RA patients in clinical remission are clearly separated in two groups,
according to their ability to express IL-7 and the associated consequences on
thymic activity and T-cell responses. This ability was dependent on the age of the
patients at disease onset. This was only associated with a maternal family history
of RA and suggests that genetic anticipation may be involved.
Reference
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Background Rheumatoid arthritis (RA) exact pathogenesis remains uncertain,
although autoimmune processes appear to play a role, and RA is often referred to
as a Thi-driven disease. However, it is well known that RA patients have a
reduced capacity to produce IL-2 and interferon gamma (IFN-y). IL-7 is an impor-
tant cytokine during early events leading naive T cells towards Th1 polarisation.
We have associated low levels of circulating IL-7 with reduced thymyc T-cell
development and T-cell functions in the periphery. The origin of IL-7 in the circula-
tion is not clear and stromal cells in the bone marrow, liver, gut and lymph nodes
are potential production sources. The only cytokines known to regulate the
expression of IL-7 in different tissues are IFN-y (bone marrow), transforming
growth factor beta (TGF-B) (skin) and both IL-1 and tumour necrosis factor alpha
(TNF-0) (synovium). We therefore investigated the relationship between levels of
circulating IL-7, a Th1 (IFN-y) and a Th2 (TGF-B) cytokine, a proinflammatory
cytokine (TNF-¢) and two transcription factors essential for T-cell polarisation
(T-bet and GATA3).

Methods Patients ‘in remission’ were defined as having controlled disease, with
no change of activity for at least 6 months, C-reactive protein below 15, no
swollen or tender joints and on stable treatment (with or without therapy). A
cohort of these patients was selected on the basis of their high and low levels of
circulating IL-7. RA patients with active, early, disease-modifying anti-rheumatic
drug (DMARD) naive disease were also recruited. Circulating levels of cytokines
were measured by ELISA and the expression of T-bet and GATA3 by real-time
PCR on mRNA extracted from peripheral blood mononuclear cells.

Results We selected 10 patients with either low or high levels of circulating IL-7.
Levels of IFN-y, TGF-$ and TNF-o. were measured. High levels of IL-7 were signif-
icantly associated with higher levels of IFN-y (P = 0.04) and a tendency for lower
levels of TGF-B but no difference was found for TNF-a.. Furthermore, there was a



direct correlation between levels of IL-7 and IFN-y (R = 0.650, P = 0.005). It is
established that a high ratio of expression between T-bet and GATAS3 defined a
tendency towards Th1 polarisation. T-bet levels of expression were significantly
higher in patients with high IL-7 (P < 0.0001) and we found a positive correlation
between the two (R = 0.600, P = 0.011). Similar results and correlation were
found using the ratio of T-bet to GATAS3 expression (P < 0.0001 and R = 0.700,
P =0.002). These results were confirmed in a cohort of 10 patients with active,
early, DMARD naive disease.

Conclusion These results confirm that Th1 polarisation is impaired in RA. In addi-
tion, they suggest that either the Th1 cytokines regulate the levels of circulating
IL-7 or that the transcription factors regulating Th1 polarisation also regulate the
expression of IL-7. Further studies on the mode of regulation for IL-7 expression
in the circulation are necessary to understand how this cytokine may participate
to the pathogenesis of RA.
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Background We have previously reported on the abnormal expression of the dif-
ferent members of the Jagged/Notch signalling pathway in early rheumatoid arthri-
tis (RA) patients. HES1 and Deltex are two major signalling molecules resulting
from the transduction of notch signals. We have shown that signalling through the
Jagged/Notch pathway is involved in the development of an anergic phenotype in
a T-cell clone model in vitro. We have also used this model to establish a Notch
signalling signature characterising a T-cell suppression reaction. We analysed the
Notch signature of effecter CD4*T cells and CD4+CD25"gh regulatory T cells in
RA patients and compared it with healthy controls.
Methods The HA1.7 CD4*T-cell clone develops an anergic phenotype associ-
ated with high CD25 expression when stimulated with its cognate peptide in the
absence of co-stimulation. These cells were used in a suppression assay of fresh
HA1.7 (CD259%) cells, activated by anti-CD3/CD28 antibodies in proliferation
assays. Real-time PCR for the quantification of gene expression was undertaken.
CD4+CD25- T cells and CD4*+CD25hsh regulatory T cells were sorted using flow
cytometry from 50 ml blood from five RA patients with early, disease-modifying
anti-rheumatic drug naive disease and seven healthy controls. Gene expression
was quantified by real-time PCR.
Results During a suppression reaction of fresh HA1.7 cells (CD25'°%) by anergic
HA1.7 expressing high levels of CD25, the expression of HES1 was induced;
however, Deltex was inhibited. This signature is unique and differs from either an
activation (downregulation of both) or an anergy signalling signature (upregula-
tion of both). Results from a similar quantification in RA patients, suggest that
CD4+CD25ha" T cells in RA have the signature of anergic cells with high levels of
both HES1 and Deltex, whereas control regulatory cells display a signature com-
parable with previously published data (low HES1, high Deltex) [1]. Preliminary
results in RA patients, pre and post TNF-blockade, suggest that the response to
therapy is associated with a normalisation of the Notch signature post treatment
to resemble the signature of control activated regulatory T cells (upregulated
HES1 and downregulated Deltex).
Conclusions CD4*CD25"e" regulatory T cells in RA appear anergic and may
therefore not be able to suppress an undesirable auto-immune reaction very early in
the RA disease process. Altogether, our results on the abnormal baseline expres-
sion of Jagged/Notch molecules and these atypical signalling signatures suggest
that the Jagged/Notch pathway may be involved in the pathogenesis of RA.
Reference
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ring population of regulatory T cells. Blood 2001, 98:2736-2744.
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Introduction Antibodies to citrullinated proteins are the most specific serological
marker for rheumatoid arthritis (RA). They are associated with severity of disease
and may occur years before clinical manifestations. It is unclear whether antibod-
ies to citrullinated proteins react with any citrullinated protein or whether there are
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citrullinated lysates of HL60 monocytes. PAD, peptidyl arginine deiminase.
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specific citrullinated proteins driving the autoimmune response. In this study we
use the HL60 cell line as a substrate for identifying autoantigens in myelomono-
cytic cells, the major cell type present in the rheumatoid joint.

Method Citrullinated autoantigens were sought by immunoblotting with a screen-
ing panel of four RA and one healthy control sera, using lysates of HL60 cells,
untreated or differentiated to monocytes or granulocytes. Each lysate was incu-
bated with or without peptidyl arginine deiminase in vitro. Reactive bands were
identified using two-dimensional gel electropheresis and MALDI TOF microse-
quencing. IgG antibodies to purified o-enolase, incubated with or without pep-
tidyl arginine deiminase, were detected by immunoblotting with 53 RA and 40
healthy control serum samples. Immunohistochemistry of synovial sections and
immunoblotting of lysed synoviocytes was performed using anti-o-enolase anti-
body diluted to 1:400. Macrophages stimulated with lipopolysaccharide or
tumour necrosis factor were derived from primary monocytes, differentiated with
monocyte colony-stimulating factor.

Results By immunoblotting, a band of 47 kDa in the deiminated lysates of HL60s
differentiated to monocytes and granulocytes reacted selectively with the four RA
sera (Fig. 1, sera A-D), but not with the control serum. It was identified as citrulli-
nated o-enolase by microsequencing and confirmed by immunoblotting of two-
dimensional subcellular fractions with an anti-a-enolase antibody and RA sera. In a
larger panel of sera, 24 (46%) of the RA samples reacted with citrullinated o-
enolase, of which seven also reacted with the uncitrullinated form. Six (15%)
normal sera reacted with both forms. o-Enolase was demonstrated in the subsyn-
ovium and vascular endothelial cells in all synovial membrane biopsies. This was
confirmed by immunoblotting where a protein in RA synoviocyte lysates, co-migrat-
ing with purified o-enolase, reacted with anti-o-enolase antibody. Stimulation of
macrophages with lipopolysaccharide or tumour necrosis factor upregulated and
induced secretion of o enolase. Secretion was inhibited with monensin.
Conclusions In this study, nearly one-half of the RA sera reacted with citrulli-
nated o-enolase. This is a high frequency given the relative insensitivity of
immunoblotting. We suggest that using a more refined ELISA-based assay, both
diagnostic sensitivity and specificity will increase. The finding of antibody,
together with abundant expression of antigen in the joint (which is amplified with
inflammatory stimuli) makes citrullinated a-enolase a candidate autoantigen for
driving the chronic immune response in RA.
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Background and objectives Activated T cells play a central role in the inflammatory
cascade leading to the joint inflammation and destruction characteristic of rheuma-
toid arthritis (RA). The cytokines secreted by activated T cells are thought to both ini-
tiate and propagate the immunologically driven inflammation associated with RA.
Abatacept, the first of a new class of agents for the treatment of RA that selectively
modulates the co-stimulatory signal required for full T-cell activation, was evaluated
for its ability to regulate human T-cell proliferation and cytokine production in vitro.
The effect of abatacept on lipopolysaccharide (LPS)-induced tumor necrosis
factor alpha (TNF-0) from monocytes was evaluated to distinguish the impact of
this agent on innate versus adaptive, antigen-specific inmune responses.
Methods T cells were isolated from normal healthy human volunteers. The effect
of abatacept on antigen-dependent T-cell activation was evaluated using either
an irradiated human B-cell line (PM-LCL) as the antigen-presenting cells (APCs)
for a primary mixed lymphocyte reaction (MLR), or autologous E-PBMCs as APCs
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for a recall response to tetanus toxin (TT). Cytokines were measured at various
times post activation, with proliferation determined on day 5. Monocytes were iso-
lated by elutriation, challenged with LPS and TNF-o levels measured at 6 hours.
Chi L6 was included as a non-specific fusion protein control.
Results Abatacept significantly downmodulated T-cell proliferation, in both
primary and recall responses, at concentrations between 0.3 and 100 pug/ml, with
maximal inhibition (~60-80%) observed at ~3—-10 pg/ml. These concentrations
are below the abatacept trough plasma levels observed in patients receiving a
clinically effective dose [1]. Under conditions of maximal inhibition of proliferation,
and similar to trough plasma levels in patients (30 pg/ml), abatacept also inhib-
ited IL-2, TNF-a. and interferon gamma secretion in both primary and TT-depen-
dent recall responses. However, the extent, kinetics and rank order of cytokine
inhibition by abatacept was somewhat different between primary and recall
responses. In contrast, abatacept did not inhibit LPS-induced TNF-a. production
in primary human monocytes, demonstrating that its action is restricted to
antigen-dependent T-cell responses.
Conclusion Abatacept, a selective co-stimulation modulator, significantly inhib-
ited the activation (as measured by cytokine production) and proliferation of
human T cells in the context of a primary MLR or TT-dependent memory
response. This inhibition occurred at concentrations below the serum C,_ levels
observed in patients receiving a clinically effective dose of abatacept [1]
(10 mg/kg monthly), consistent with suppression of T-cell activation in vivo. There
was no effect of abatacept on LPS-stimulated TNF-a. production in monocytes
indicating that this agent may largely preserve innate immune responses.
Reference
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Russell A, Dougados M, Emery P, Nuamah IF, et al.: Treatment of rheuma-
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Objective NF-kB is highly activated in synovium of RA patients, and can induce
transcription of proinflammatory cytokines, adhesion molecules, and inducible
nitric oxide, among others. Phosphorylation of the inhibitor of kB (IxB) proteins is
an important step in NF-kB/Rel activation and is regulated by IxB kinase (IKK). The
IKK complex consists of at least three subunits, including IKKo. and IKKp (also
called IKK1 and IKK2) and the regulatory subunit IKKy. In an initial study in Lewis
rats with adjuvant arthritis (AA) adenoviral dominant-negative IKK2 (Ad.IKK2dn)
significantly ameliorated the severity of disease as evidenced by decreased paw
swelling compared with Ad.GFP-treated rats [1]. However, adenoviral vectors are
known to be very immunogenic, compromising stable long-term expression of the
transgene. Adeno-associated virus (AAV) is considered the most promising vector
for gene therapy in RA. In a comparative serotype study we found that direct injec-
tion of AAVG into the ankle joints of rats with AA resulted in the highest synovial
transduction, with good expression of the transgene at the protein level until the
end of the study, followed by AAV2. In the present study we investigated the effect
of inhibiting NF-kB in AA in rats using AAV-mediated intra-articular gene therapy.
For this purpose we used the following vectors: AAV5S containing the IKK2dn gene
(AAV5.IKK2dn) or AAV2 containing the IkBo-supressor gene (AAV2.1kBow SR).
Methods AAV5.IKK2dn (2.5 x 101%p), AAV2.IkBo SR (2.5 x 101%p) or AAV5/
AAV2.GFP were injected into the right ankle joints of rats with AA on day 11 after
adjuvant immunization. Subsequently, the effect of both genes on paw swelling
was measured by water displacement plethysmometry. Animals were sacrificed
2 weeks after intra-articular injection and joints were collected for analysis. Bone
degradation was examined using X-rays of the ankle joints and histology was per-
formed to assess synovial inflammation and joint damage.
Results In the rats treated with IKK2dn, significantly reduced paw swelling was
observed (P < 0.05, AAV5.dnlKK2 versus AAV5.GFP). No significant effect was
found on cartilage and bone destruction. Intra-articular treatment of the rats with
AAV2.IkBo SR only showed a marginal effect on the clinical course of arthritis.
Conclusion We demonstrate that AAV5-mediated IKK2dn gene transfer to the syn-
ovium reduces the severity of inflammation in AA rats, when the treatment was
started after the onset of disease. In contrast, injection of AAV2.IkBo. SR had a poor
clinical effect on paw swelling in rats with AA. This could either be due to the dissimi-
larities in the mechanisms that these genes use to inhibit NF-kB activation (IKK2
versus [kBo) or to the use of different AAV serotypes as vector (AAV5 versus AAV2).
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Background Collagenous repeat containing sequence of 26 kDa protein
(CORS-26) is a recently discovered novel member of the TNF/C1g/adiponectin
superfamily. CORS-26 has been detected in chondrocytes and osteoblasts, but
its functional properties are largely unknown. As CORS-26 shows structural
analogies to adiponectin, which has been shown to exert proinflammatory and
destructive properties in arthritic synovium, the goal of the present study was to
examine the expression and regulation of CORS-26 in adipocyte differentiation.
Methods Gene expression of 3T3-L1-preadipocyte cultures were examined on
the protein and mRNA level by real-time PCR, Western blot, electrophoretic
mobility shift assay and luciferase-reporter gene assay.

Results CORS-26 showed numerous homologies to adiponectin such as a C-
terminal globular domain and a N-terminal collagen domain. CORS-26 mRNA
expression could not be detected in preadipocytes and in early adipocytes after
48 hours of culture. After 4-9 days of adipocyte differentiation, however, upregu-
lation of CORS-26 mRNA and protein could be detected. CORS-26 promoter
activity and RNA expression could be stimulated by troglitazone and fenofibrate
but not by 15-deoxy-prostaglandin J2. In addition, PPARY, but not PPARc, binds
specifically to a promoter response element at position -641/-596.
Conclusions CORS-26 appears to be a novel adiponectin with strong homolo-
gies to the other members of the C1q/TNF/adiponectin superfamily, which
includes its functional properties that may be as proinflammatory in the arthritic
joint as those of adiponectin.
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Background Several studies have linked human endogenous retroviruses
(HERVs) with autoimmune disease. We have previously demonstrated that the
full-length polymorphic HERV-K113 provirus prevalence is increased in both Sj6-
gren’s syndrome (15.6%) and multiple sclerosis (11.9%) compared with the
normal UK population (4%). Recent studies have shown that exogenous viral
RNA can activate dendritic cells via the TLR7/8-mediated pathway. In this study
we investigate the possibility that HERV-K113 RNA sequences are capable of
activating both dendritic cells and macrophages. We examine the production of
cytokines by both cell types in response to a series of different HERV-K113 RNA
species to identify any differences in the profile produced.

Methods A clone of the full-length HERV-K113 provirus was digested with restric-
tion enzymes to generate different length fragments of the 5"-LTR and gag gene for
in vitro transcription, producing single-stranded RNA species. The RNA was
treated to remove any residual protein, DNA, lipopolysaccharide or other contami-
nants. After quantitation, the RNA was complexed with Lipofectamine 2000 (Invitro-
gen, Paisley, UK) or left uncomplexed before being used to treat cells. Cytokines
levels in the cell supernatants were measured by ELISA. Dendritic cells were
assayed for tumour necrosis factor (TNF), IL-6 and IP-10, while macrophages were
assayed for TNF, IL-6, IL-8 and IL-10. Controls used were un-complexed RNA, poly-
U synthetic RNA, and the chemical activator of TLR 7 and 8, Resiquimod (R-848).
Results Stimulation with R-848 produced TNF, IL-6, IL-8 and IL-10 from
macrophages and TNF, IL-6 and IP-10 from dendritic cells (Table 1). Uncom-
plexed RNA did not 